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Clinical PerspectiveWhat Is New?This is the first study to investigate the clinical predictors for the changes in fibrous cap area of nonculprit plaques in patients undergoing statin therapy.Chronic kidney disease is an independent predictor for the lack of a favorable vascular response to statin therapy, whereas acute coronary syndrome is an independent predictor for favorable vascular response to statin therapy.What Are the Clinical Implications?Patients with chronic kidney disease with ischemic heart disease may need intensive therapy in addition to contemporary medical therapy, including statin, to achieve stabilization of nonculprit plaques.

 {#jah32692-sec-0009}

Fibrous‐cap thickness (FCT) is one of the major determinants of coronary plaque vulnerability.[1](#jah32692-bib-0001){ref-type="ref"}, [2](#jah32692-bib-0002){ref-type="ref"}, [3](#jah32692-bib-0003){ref-type="ref"} Thinning of the cap is a result of the degradation of collagen tissue by excessive release of matrix metalloproteinases from the accumulated macrophages.[4](#jah32692-bib-0004){ref-type="ref"}, [5](#jah32692-bib-0005){ref-type="ref"} The balance between degradation and synthesis of the fibrous cap might be influenced by several factors, including focal physical and biological stress,[6](#jah32692-bib-0006){ref-type="ref"}, [7](#jah32692-bib-0007){ref-type="ref"} patient clinical characteristics,[8](#jah32692-bib-0008){ref-type="ref"}, [9](#jah32692-bib-0009){ref-type="ref"} and therapeutic interventions. Recently, several studies using optical coherence tomography (OCT) demonstrated that therapy with statins (3‐hydroxy‐3‐methylglutaryl coenzyme A reductase inhibitors) had the potential to increase the cap thickness[10](#jah32692-bib-0010){ref-type="ref"}, [11](#jah32692-bib-0011){ref-type="ref"} in patients with coronary artery disease. However, major cardiac events still occur in patients receiving statin therapy,[12](#jah32692-bib-0012){ref-type="ref"}, [13](#jah32692-bib-0013){ref-type="ref"} and clinical predictors for these nonresponders have not yet been identified.

Therefore, we aimed to identify clinical factors contributing to less favorable vascular response to statins for stabilization of the fibrous cap in patients with coronary artery disease. To accomplish this purpose, we applied a novel computer‐aided 3‐dimensional method[14](#jah32692-bib-0014){ref-type="ref"}, [15](#jah32692-bib-0015){ref-type="ref"} to comprehensively measure the surface area of the thin fibrous cap[16](#jah32692-bib-0016){ref-type="ref"} instead of a simple conventional measurement of the thinnest portion[17](#jah32692-bib-0017){ref-type="ref"} of the fibrous cap.

Methods {#jah32692-sec-0010}
=======

Study Population {#jah32692-sec-0011}
----------------

All study subjects had been enrolled in the image database of the Massachusetts General Hospital (Boston, MA) OCT Registry, which is a multicenter, prospective, all‐comer registry including cases with coronary OCT imaging. All patients provided written informed consent, and this study was conducted in compliance with the Declaration of Helsinki. A total of 402 patients who underwent serial OCT procedures between August 2010 and February 2014 were enrolled. The registry contains data from several participating sites that supplemented repeated coronary angiography with OCT for routine follow‐up catheterization at 6 to 9 months. Among these data, we identified serial images of 153 nonculprit plaques in 91 patients. After excluding patients with early (\<6 months) or late (\>14 months) follow‐up (n=7), 140 nonculprit plaques in 84 patients were included in the final analysis. Nonculprit plaque was defined as plaque with \>50% area stenosis compared with the reference segment, lipid arc ≥1 quadrant assessed by OCT, and not associated with the index event or presenting symptom, as evaluated by the treating physician. In all 84 patients, repeated OCT imaging was performed during the scheduled follow‐up catheterization without any clinical event related to either the culprit or the nonculprit plaque. The study cohort included in this study was different from the one in our previous report.[18](#jah32692-bib-0018){ref-type="ref"}

OCT Image Acquisition and Conventional Analysis {#jah32692-sec-0012}
-----------------------------------------------

OCT images were acquired using frequency domain or time domain OCT after intracoronary administration of 100 to 200 μg of nitroglycerin. All images were analyzed using offline proprietary software at the Massachusetts General Hospital OCT Laboratory. Several landmarks, including stent edges, calcifications, and side branches, were used to identify the target plaque. Qualitative and quantitative analyses were performed at 1‐mm intervals. All OCT plaque morphological features were analyzed using previously validated criteria[19](#jah32692-bib-0019){ref-type="ref"}, [20](#jah32692-bib-0020){ref-type="ref"} (Data [S1](#jah32692-sup-0001){ref-type="supplementary-material"}). Macrophage infiltration was defined as signal‐rich, distinct, or confluent punctuated regions that exceeded the intensity of background speckle noise and was semiquantitatively assessed using a previously described grading system.[11](#jah32692-bib-0011){ref-type="ref"}, [21](#jah32692-bib-0021){ref-type="ref"}

Three‐Dimensional Thin‐Cap Area Measurement {#jah32692-sec-0013}
-------------------------------------------

To volumetrically assess the 3‐dimensional fibrous cap, we applied a computer algorithm that had been previously validated (Data [S1](#jah32692-sup-0001){ref-type="supplementary-material"} and Figure [S1](#jah32692-sup-0001){ref-type="supplementary-material"}).[14](#jah32692-bib-0014){ref-type="ref"} In this study, the thin‐cap area was defined as the fibrous cap surface area with cap thickness \<200 μm, in accordance with previous literature.[22](#jah32692-bib-0022){ref-type="ref"} The secondary cutoff was defined as 80 μm. Intraobserver and interobserver reproducibility values of the area measurement were good (intraclass correlation coefficients, 0.942 and 0.927, respectively). All plaques were classified into 3 groups according to the tertile of absolute change in thin‐cap area. The lower tertile, midtertile, and upper tertile were defined as the reduction group, mild reduction group, and no reduction group, respectively.

Definitions {#jah32692-sec-0014}
-----------

Acute coronary syndrome (ACS) consisted of ST‐segment elevation myocardial infarction, non--ST‐segment elevation myocardial infarction, and unstable angina pectoris. Chronic kidney disease (CKD) was defined as estimated glomerular filtration rate (eGFR) of \<60 mL/min per 1.73 m^2^. The eGFR was calculated using the Modification of Diet in Renal Disease equation: eGFR (mL/min per 1.73 m^2^)=175×(serum creatinine \[mg/dL\])^−1.154^×(age)^−0.203^×0.742 (if female)×1.210 (if black). Blood samples were obtained in the outpatient clinic or emergency department before OCT image acquisition at baseline and follow‐up. The analyses of cholesterol profiles and high‐sensitivity hsCRP (C‐reactive protein) values were available in 96.4% and 83.3% of patients, respectively, at follow‐up. The intensity of statin treatment was classified as high, moderate, or low intensity, according to published guidelines.[23](#jah32692-bib-0023){ref-type="ref"} Statin‐naïve patients were defined as those receiving no statin therapy for \>3 months before baseline OCT image acquisition.

Statistical Analysis {#jah32692-sec-0015}
--------------------

Categorical outcome data were summarized as counts (percentages), and between‐group comparisons were performed using the Fisher exact test or χ^2^ test, as appropriate, depending on the expected frequency distribution under the null hypothesis. Continuous outcome data were summarized by mean±SD or median (25th--75th percentile), as appropriate, depending on the normality of distribution tested by the Kolgormonov‐Smirnov test. Between‐group comparisons were performed using independent‐sample *t* tests or Mann‐Whitney *U* tests, and tests for the within‐group longitudinal changes were performed using paired‐sample *t* tests or Wilcoxon signed rank tests, accordingly. A general linear model with multiple predictor variables was used to determine independent clinical predictors of absolute change in thin‐cap area. The generalized estimating equations approach was applied to account for within‐subject correlation among the multiple plaques per single patient. Statistical significance was defined as *P*\<0.05. All statistical analyses were performed using SPSS version 17.0.

Results {#jah32692-sec-0016}
=======

Clinical Characteristics {#jah32692-sec-0017}
------------------------

Baseline clinical characteristics and medications at discharge are shown in Table [1](#jah32692-tbl-0001){ref-type="table-wrap"}. The median (25^th^--75^th^ percentile) follow‐up duration was 6.3 (6.1--12.1) months. At baseline, 51 patients (60.7%) were seen with ACS, including 9 (10.7%) with ST‐segment elevation myocardial infarction, whereas 33 patients (39.3%) were seen with stable angina. A total of 33 patients (39.3%) were statin naïve before baseline OCT image acquisition. All patients were prescribed a statin at discharge with high (n=2), moderate (n=71), or low (n=11) intensity treatment. Statin therapy was continued until the follow‐up OCT image acquisition. During the follow‐up period, no patients had a clinical event.

###### 

Baseline Clinical Characteristics (n=84)

  Characteristics                                          Value
  -------------------------------------------------------- -----------------
  Follow‐up duration, median (25th--75th percentile), mo   6.3 (6.1--12.1)
  Age, mean±SD, y                                          59.0±9.9
  BMI, mean±SD, kg/m^2^                                    24.7±2.4
  Male sex, n (%)                                          65 (77.4)
  Clinical presentation, n (%)                             
  STEMI                                                    9 (10.7)
  NSTEMI‐ACS                                               42 (50.0)
  Stable angina                                            33 (39.3)
  Previous MI, n (%)                                       25 (29.8)
  Previous PCI, n (%)                                      50 (59.5)
  Hypertension, n (%)                                      53 (63.1)
  Dyslipidemia, n (%)                                      68 (81.0)
  Diabetes mellitus, n (%)                                 29 (34.5)
  Chronic kidney disease, n (%)                            7 (8.3)
  Current smoker, n (%)                                    26 (31.0)
  Family history of IHD, n (%)                             4 (4.8)
  LVEF, mean±SD, %                                         63.5±8.4
  Discharge medication, n (%)                              
  DAPT                                                     83 (98.8)
  Statin                                                   84 (100)
  High intensity                                           2 (2.4)
  Moderate intensity                                       71 (84.5)
  Low intensity                                            11 (13.1)
  β Blocker                                                35 (41.7)
  ACEI/ARB                                                 29 (34.5)
  Statin naive                                             33 (39.3)

ACEI/ARB indicates angiotensin‐converting enzyme inhibitor/angiotensin II receptor blocker; BMI, body mass index; DAPT, dual antiplatelet therapy; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI‐ACS, non--ST‐segment elevation myocardial infarction--acute coronary syndrome; PCI, percutaneous coronary intervention; and STEMI, ST‐segment elevation myocardial infarction.

Serial Change in Cholesterol Profile and Inflammatory Status {#jah32692-sec-0018}
------------------------------------------------------------

Results of laboratory testing at baseline and follow‐up are shown in Table [2](#jah32692-tbl-0002){ref-type="table-wrap"}. Low‐density lipoprotein cholesterol significantly decreased from baseline (92.9±30.1 mg/dL) to follow‐up (76.3±23.3 mg/dL; *P*\<0.001). Values of hsCRP also significantly decreased from baseline to follow‐up (median, −1.0 mg/L; 25^th^--75^th^ percentile, −3.0 to 0.0 mg/L; *P*=0.006).

###### 

Laboratory Findings at Baseline and Follow‐Up

  Findings                                                     Baseline               Follow‐Up             Change                  *P* Value
  ------------------------------------------------------------ ---------------------- --------------------- ----------------------- -----------
  Total cholesterol, mg/dL                                     170.6±39.7             151.1±34.3            −19.5±46.2              \<0.001
  LDL‐C, mg/dL                                                 92.9±30.1              76.3±23.3             −16.6±33.6              \<0.001
  HDL‐C, mg/dL                                                 45.0±12.2              45.9±13.5             0.92±13.6               0.545
  LDL/HDL ratio                                                2.18±0.83              1.76±0.67             −0.42±0.83              \<0.001
  Triglyceride, mg/dL[a](#jah32692-note-0004){ref-type="fn"}   148.8 (102.7--195.7)   127.5 (88.6--168.0)   −15.1 (−66.9 to 13.8)   0.007
  hsCRP, mg/L[a](#jah32692-note-0004){ref-type="fn"}           1.0 (1.0--3.0)         1.0 (0.0--2.0)        −1.0 (−3.0 to 0.0)      0.006
  eGFR, mL/min per 1.73 m^2^                                   83.4±19.2              80.8±20.1             −2.61±16.9              0.179
  HbA1c, %                                                     6.38±1.34              6.18±0.96             −0.03±0.57              0.154

Data are presented as mean±SD unless otherwise indicated (comparisons were made by paired‐sample *t* test). eGFR indicates estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; HDL, high‐density lipoprotein; HDL‐C, HDL cholesterol; hsCRP, high‐sensitivity C‐reactive protein; LDL, low‐density lipoprotein; LDL‐C, LDL cholesterol.

Median (25th--75th percentile) values are presented (comparisons were made by Wilcoxon signed‐rank test).

Serial Change in Plaque Morphological Features by OCT {#jah32692-sec-0019}
-----------------------------------------------------

Thin‐cap area became significantly smaller at follow‐up (median, 2.852 \[25th--75th percentile, 1.023--6.157\] mm^2^ at baseline versus 1.210 \[25^th^--75^th^ percentile, 0.250--3.192\] mm^2^ at follow‐up; *P*\<0.001). Other quantitative parameters of plaque morphological features at baseline, including thinnest FCT, lipid volume index, and macrophage grading, significantly improved during follow‐up (Table [3](#jah32692-tbl-0003){ref-type="table-wrap"}). The absolute change in thin‐cap area across individual cases is shown in Figure [1](#jah32692-fig-0001){ref-type="fig"}. Overall, plaques with larger thin‐cap area at baseline had greater reduction at follow‐up.

###### 

OCT Findings of Target Plaques at Baseline and Follow‐Up (n=140)

  Findings                                                       Baseline               Follow‐Up              Change                  *P* Value
  -------------------------------------------------------------- ---------------------- ---------------------- ----------------------- -----------
  3D quantitative assessment                                                                                                           
  Thin‐cap area, mm^2^ [a](#jah32692-note-0006){ref-type="fn"}   2.852 (1.023--6.157)   1.210 (0.250--3.192)   −0.94 (−3.25 to 0.13)   \<0.001
  2D quantitative assessment                                                                                                           
  Thinnest FCT, μm                                               117.2±63.1             145.9±66.6             28.7±67.3               \<0.001
  TCFA (\<65 μm), n (%)                                          35 (25.0)              23 (16.4)              ···                     0.077
  Mean lipid arc, °                                              164.0±58.3             148.5±56.7             −15.5±49.7              \<0.001
  Maximum lipid arc, °                                           232.1±70.0             215.1±76.6             −17.0±65.1              0.002
  Lipid length, mm                                               7.91±3.63              7.27±3.99              −0.64±2.43              0.002
  Lipid volume index                                             1346.9±835.0           1178.6±903.9           −179.2±644.2            0.002
  Minimal lumen area, mm^2^                                      3.08±1.29              3.05±1.49              −0.03±1.10              0.765
  Area stenosis, %                                               59.9±9.1               56.3±14.7              −3.58±13.8              0.003
  Macrophage grade[a](#jah32692-note-0006){ref-type="fn"}        4.0 (1.0--9.0)         3.0 (0.0--7.0)         −1.0 (−4.0 to 2.0)      0.012
  Qualitative assessment, n (%)                                                                                                        
  Cholesterol crystal                                            24 (17.1)              16 (11.4)              ···                     0.17
  Microchannel                                                   42 (30.0)              42 (30.0)              ···                     1.00
  Calcium                                                        74 (52.9)              73 (52.1)              ···                     0.91
  Spotty calcium                                                 63 (45.0)              65 (46.4)              ···                     0.81
  Thrombus                                                       4 (2.9)                4 (2.9)                ···                     1.00

Data are presented as mean±SD unless otherwise indicated (comparisons were made by paired‐sample *t* test). 2D indicates 2 dimensional; 3D, 3 dimensional; FCT, fibrous‐cap thickness; OCT, optical coherence tomography; and TCFA, thin‐cap fibroatheroma.

Median (25th--75th percentile) values are presented (comparisons were made by Wilcoxon signed‐rank test).

![Absolute change in thin‐cap area during follow‐up in individual plaques. Absolute changes in thin‐cap area in individual plaques are illustrated. The classification of 3 groups is based on the tertile of absolute change in thin‐cap area. Green arrows (highest tertile) represent significant reduction of thin‐cap area; yellow arrows, marginal reduction; and red arrows (lowest tertile), no reduction.](JAH3-6-e006241-g001){#jah32692-fig-0001}

Thin‐Cap Area According to the Baseline Statin Intake {#jah32692-sec-0020}
-----------------------------------------------------

The reduction of thin‐cap area was significantly greater in statin‐naïve cases (median, −1.906 \[25th--75th percentile, −3.833 to −0.147\] mm^2^) compared with those already taking a statin at baseline (median, −0.515 \[25th--75th percentile, −2.898 to 0.525\] mm^2^; *P*=0.036) (Figure [2](#jah32692-fig-0002){ref-type="fig"}).

![Absolute change in thin‐cap area according to baseline statin intake. The reduction of thin‐cap area was significantly greater in statin‐naïve patients than in those who were already taking a statin at baseline.](JAH3-6-e006241-g002){#jah32692-fig-0002}

Independent Predictors for the Change in Thin‐Cap Area {#jah32692-sec-0021}
------------------------------------------------------

Unadjusted effect estimates (via simple linear models) on the absolute change of thin‐cap area revealed that the thin‐cap area at baseline, follow‐up duration, age, ACS, and low‐intensity statin were the factors for the absolute change in thin‐cap area (Table [S1](#jah32692-sup-0001){ref-type="supplementary-material"}). Results of general linear modeling, with multiple covariate analyses determining clinical factors contributing to absolute change in thin‐cap area, are shown in Figure [3](#jah32692-fig-0003){ref-type="fig"}. The general linear modeling revealed that CKD (effect estimate, 1.691; 95% confidence interval, 0.350--3.033; *P*=0.013), ACS (effect estimate, −1.535; 95% confidence interval, −2.561 to −0.509; *P*=0.003), and the thin‐cap area at baseline (effect estimate, −0.368; 95% confidence interval, −0.478 to −0.259; *P*=0.003) were the independent predictors for the absolute change in thin‐cap area. Similar results were obtained in the analysis using the cutoff of \<80 μm for thin‐cap area (Table [S2](#jah32692-sup-0001){ref-type="supplementary-material"}). General linear modeling analysis of absolute change in thinnest 2‐dimensional FCT showed that CKD and ACS are marginal predictors (Table [S3](#jah32692-sup-0001){ref-type="supplementary-material"}).

![Clinical predictors for the response of thin‐cap area to statin therapy. General linear modeling analysis for the absolute change in thin‐cap area demonstrates that chronic kidney disease is a predictor for unfavorable response and acute coronary syndrome is a predictor for favorable response. ACEI/ARB indicates angiotensin‐converting enzyme inhibitor/angiotensin II receptor blocker; BMI, body mass index; and CI, confidence interval.](JAH3-6-e006241-g003){#jah32692-fig-0003}

Thin‐Cap Area According to the Baseline Clinical Characteristics {#jah32692-sec-0022}
----------------------------------------------------------------

A significant reduction of thin‐cap area was observed in cases with ACS (median, −1.950 \[25^th^--75^th^ percentile, −4.605 to −0.171\] mm^2^; *P*\<0.001) and non‐CKD (median, −0.975 \[25^th^--75^th^ percentile, −3.447 to 0.057\] mm^2^; *P*\<0.001), whereas no significant changes were observed in cases with stable angina (median, −0.297 \[25^th^--75^th^ percentile, −1.617 to 0.723\] mm^2^; *P*=0.271) or CKD (median, −0.006 \[25^th^--75^th^ percentile, −2.064 to 0.703\]; *P*=0.397). There were no significant differences in follow‐up duration between cases with and without CKD (median, 6.0 \[25^th^--75^th^ percentile, 6.0--6.7\] months versus 6.3 \[25^th^--75^th^ percentile, 6.0--12.1\] months; *P*=0.20) and between cases with ACS and with stable angina (median, 6.5 \[25^th^--75^th^ percentile, 6.1--12.2\] months versus 6.1 \[25^th^--75^th^ percentile, 6.0--6.5\] months; *P*=0.06). Representative 3‐dimensional images of thin‐cap areas in patients with CKD and ACS are shown in Figure [4](#jah32692-fig-0004){ref-type="fig"}.

![Representative 3‐dimensional images of the change in thin‐cap area during follow‐up. The segmented fibrous cap was further rendered in a 3‐dimensional model using a continuous color map on the basis of thickness. A, Chronic kidney disease: the thin‐cap area (green to red) became bigger at follow‐up. B, Acute coronary syndrome: the thin‐cap area became smaller at follow‐up.](JAH3-6-e006241-g004){#jah32692-fig-0004}

Correlation Between Absolute Change in Thin‐Cap Area and Changes in Other Parameters {#jah32692-sec-0023}
------------------------------------------------------------------------------------

Correlations between absolute change in thin‐cap area, changes in laboratory findings, and changes in macrophage grade were assessed (Figure [S2](#jah32692-sup-0001){ref-type="supplementary-material"}). Significant correlations were observed between the change in hsCRP values and the change in thin‐cap area (Pearson *r*=0.237; *P*=0.025). No significant correlations were observed between the changes in low‐density lipoprotein cholesterol values and the changes in thin‐cap area across the whole cohort (Pearson *r*=−0.060; *P*=0.493), among patients receiving statin at baseline (Pearson *r*=−0.256; *P*=0.065) or among patients who were statin naïve (Pearson *r*=−0.041; *P*=0.800). Significant correlations were also observed between the changes in macrophage grade and the change in thin‐cap area (Pearson *r*=0.385; *P*\<0.001). No significant correlations were observed between the changes in thin‐cap area and changes in other plaque morphological features, including lipid volume index and percentage area stenosis (Figure [S3](#jah32692-sup-0001){ref-type="supplementary-material"}).

Changes in Inflammation Status for Baseline Clinical Characteristics {#jah32692-sec-0024}
--------------------------------------------------------------------

Changes in inflammation status during follow‐up were assessed for baseline clinical characteristics. Significant changes in hsCRP values and macrophage grades were observed in cases without CKD (median, −0.01 \[25th--75th percentile, −0.03 to 0.00\] mg/dL \[*P*=0.001\] and −1.0 \[25th--75th percentile, −4.5 to 2.0\] \[*P*=0.012\], respectively). No significant differences were observed in cases with CKD (median, −0.01 \[25th--75th percentile, −0.01 to 0.01\] mg/dL \[*P*=0.317\] and −1.0 \[25th--75th percentile, −2.0 to 2.0\] \[*P*=0.555\], respectively) (Figure [S4A](#jah32692-sup-0001){ref-type="supplementary-material"} and [S4B](#jah32692-sup-0001){ref-type="supplementary-material"}). In cases with ACS, hsCRP values and macrophage grades significantly decreased at follow‐up (median, −0.01 \[25th--75th percentile, −0.03 to 0.00\] mg/dL \[*P*\<0.001\] and −2.0 \[25th--75th percentile, −5.5 to 2.0\] \[*P*=0.002\], respectively), whereas no significant differences were observed in cases with stable angina (median, 0.00 \[25th--75th percentile, −0.01 to 0.01\] mg/dL \[*P*=0.284\] and 0.5 \[25th--75th percentile, −3.0 to 3.0\] \[*P*=0.865\], respectively) (Figure [S4C](#jah32692-sup-0001){ref-type="supplementary-material"} and [S4D](#jah32692-sup-0001){ref-type="supplementary-material"}).

Baseline Plaque Morphological Features According to the Change in Thin‐Cap Area {#jah32692-sec-0025}
-------------------------------------------------------------------------------

Baseline plaque morphological features were compared between tertiles of absolute change in thin‐cap area (Table [S4](#jah32692-sup-0001){ref-type="supplementary-material"}). The reduction group had significantly larger thin‐cap area and larger lipid index than the mild reduction (*P*\<0.001 and *P*=0.006, respectively) and no reduction (*P*\<0.001 and *P*\<0.001, respectively) groups.

Discussion {#jah32692-sec-0026}
==========

To the best of our knowledge, this is the first study to investigate the clinical predictors for the changes in fibrous cap area in patients undergoing statin therapy using OCT. The main findings of this study include the following: (1) Overall, thin‐cap area of nonculprit coronary plaques significantly decreased during a median 6.3 months of follow‐up. (2) CKD was identified as an independent predictor for unfavorable thin‐cap area reduction. (3) ACS was identified as an independent predictor for favorable thin‐cap area reduction. (4) The improvement of inflammation status was significantly correlated with the reduction of thin‐cap area.

Change in FCT {#jah32692-sec-0027}
-------------

Plaque rupture is a major cause of ACS and sudden coronary death,[1](#jah32692-bib-0001){ref-type="ref"}, [24](#jah32692-bib-0024){ref-type="ref"} and a thin fibrous cap appears to be a marked precursor to plaque rupture.[2](#jah32692-bib-0002){ref-type="ref"}, [3](#jah32692-bib-0003){ref-type="ref"} Yet, the continuously changing nature of fibrous cap morphological features weakens its predictive and prognostic values.[25](#jah32692-bib-0025){ref-type="ref"} Recently, several OCT studies demonstrated the impact of statin therapy on the improvement of FCT[10](#jah32692-bib-0010){ref-type="ref"}, [11](#jah32692-bib-0011){ref-type="ref"} as one of the potential underlying mechanisms for the improved clinical outcome in patients undergoing statin therapy.[13](#jah32692-bib-0013){ref-type="ref"}, [26](#jah32692-bib-0026){ref-type="ref"}, [27](#jah32692-bib-0027){ref-type="ref"} Despite such improvements, major cardiac events still occur. Therefore, there is a need to identify clinical factors that predict unfavorable vascular responses to statin therapy.

To generate more practical cutoff values for FCT to detect rupture‐prone plaque by OCT, Yonetsu et al assessed FCT in multiple points within the entire plaque.[22](#jah32692-bib-0022){ref-type="ref"} They reported that the most representative FCT in ruptured plaques was 188 μm, which is thicker than the conventional pathology‐based 65 μm, and that the thinnest portion was not matched with the ruptured site in most cases (78.9%). These findings suggest that cap thinning might occur diffusely in plaques and that a more comprehensive approach is needed to identify the true rupture‐prone plaques and factors affecting changes in FCT. Therefore, in this study, we applied a recently introduced, computer‐aided, 3‐dimensional method[14](#jah32692-bib-0014){ref-type="ref"}, [15](#jah32692-bib-0015){ref-type="ref"} for the comprehensive analysis of FCT.[16](#jah32692-bib-0016){ref-type="ref"}

Renal Function and FCT {#jah32692-sec-0028}
----------------------

In this study, baseline presentation with CKD independently predicted unfavorable thin‐cap area reduction. This finding indicates that there was a failure to thicken and stabilize fibrous tissue within the fibrous cap in patients with CKD. CKD is recognized as an independent predictor for cardiovascular events[28](#jah32692-bib-0028){ref-type="ref"}, [29](#jah32692-bib-0029){ref-type="ref"} and poor clinical outcomes.[30](#jah32692-bib-0030){ref-type="ref"} A poor prognosis in patients with CKD is determined by the presence of more vulnerable features in coronary plaques. We previously demonstrated that patients with CKD had larger lipid profiles and a higher prevalence of plaque disruption compared with patients without CKD, although we found no significant difference in FCT at the thinnest portion across groups.[31](#jah32692-bib-0031){ref-type="ref"} Using integrated backscatter intravascular ultrasonography, Miyagi et al demonstrated that coronary plaques in patients with CKD had greater lipid and less fibrous tissue volume in 89 patients with stable angina.[32](#jah32692-bib-0032){ref-type="ref"} Hayano et al further demonstrated that lower eGFR levels were associated with greater lipid and lower fibrous content.[33](#jah32692-bib-0033){ref-type="ref"} In addition, Baber et al reported in a substudy of the PROSPECT (Providing Regional Observations to Study Predictors of Events in the Coronary Tree) study that patients with CKD had plaques with a greater necrotic core, less fibrous volume, and worse clinical outcomes.[34](#jah32692-bib-0034){ref-type="ref"} Although the exact causal relationship between vulnerability and renal dysfunction has not been thoroughly investigated, abundant factors, including the abnormalities of lipid metabolism,[35](#jah32692-bib-0035){ref-type="ref"} activated gene expression of matrix metalloproteinases,[36](#jah32692-bib-0036){ref-type="ref"} and impairment of macrophage emigration,[37](#jah32692-bib-0037){ref-type="ref"} have been considered to interactively promote this vulnerability. In this study, we demonstrated that the inflammation status was not significantly stabilized by statin therapy in the CKD cohort during follow‐up, thus suggesting impairment in the synthesis/degradation of fibrous tissue within the cap. It follows that the vulnerability of nonculprit plaques in patients with CKD would not be stabilized with contemporary medical therapy, including statins.

Changes in FCT and ACS {#jah32692-sec-0029}
----------------------

In the current study, ACS presentation at baseline was an independent predictor of greater reduction in thin‐cap area. This result suggests that worsened clinical presentation and vulnerable plaque features at baseline may result in more favorable responses among nonculprit plaques to statin. Similar results were reported in several previous studies using intravascular ultrasonography and OCT.[10](#jah32692-bib-0010){ref-type="ref"}, [38](#jah32692-bib-0038){ref-type="ref"}, [39](#jah32692-bib-0039){ref-type="ref"} Takarada et al demonstrated that the efficacy of statin therapy on improving FCT, assessed by serial OCT, was significantly greater in plaques with thinner caps than in those with thicker caps.[10](#jah32692-bib-0010){ref-type="ref"} In the SATURN (Study of Coronary Atheroma by Intravascular Ultrasound: Effect of Rosuvastatin Versus Atorvastatin) trial, which aimed to compare the efficacy of 2 different statins on the regression of plaque volume assessed by intravascular ultrasonography,[38](#jah32692-bib-0038){ref-type="ref"} the greater change was observed in larger plaques than in smaller plaques. In addition, most studies that tested the efficacy of statin therapy on plaque stabilization in patients with ACS demonstrated improvement in plaque phenotype.[10](#jah32692-bib-0010){ref-type="ref"}, [11](#jah32692-bib-0011){ref-type="ref"}, [40](#jah32692-bib-0040){ref-type="ref"}, [41](#jah32692-bib-0041){ref-type="ref"} Recently, Tsujita et al conducted a randomized trial to investigate the efficacy of additional ezetimibe intake over atorvastatin alone on changes in plaque volume over 9 to 12 months of follow‐up.[39](#jah32692-bib-0039){ref-type="ref"} They reported that plaque regression in the group treated with additional ezetimibe was greater in the ACS cohort than in the stable angina cohort. In the above mentioned prospective randomized study using OCT,[11](#jah32692-bib-0011){ref-type="ref"} the authors demonstrated a significant correlation between the changes in FCT and the changes in inflammation status, assessed by hsCRP and semiquantified macrophage values in patients with ACS treated with statins, similar to our results. Thus, in patients with ACS, plaque stabilization could be, at least in part, attributed to the stabilization of inflammatory status by interventions such as statins.

Limitations {#jah32692-sec-0030}
-----------

Several limitations in this study require acknowledgment. First, the Massachusetts General Hospital OCT Registry is a multicenter, prospective registry for all comers without strict inclusion criteria or guidelines for OCT image acquisition. Follow‐up OCT was not mandated in the registry. In this study, we retrospectively selected the cases that had a follow‐up OCT study. Therefore, there was considerable variability in follow‐up time. The differences in follow‐up time might have affected the results. Second, different types and doses of statin were used, and the duration of statin therapy before baseline OCT was not recorded. Third, because our study data were obtained from Asian countries and, thus, all patients in the registry were Asian, most patients were treated in accordance with their respective domestic guidelines. Specifically, high‐intensity dose statin is generally not recommended for the Asian population and, therefore, most patients were treated with moderate‐intensity statin. Fourth, the number of cases with CKD was small, and the diagnosis of CKD was only based on the value of eGFR at 1 time point. In addition, there were no patients with CKD stage 4/5 (eGFR, \<30 mL/min per 1.73 m^2^) in this cohort. Fifth, we are still uncertain if our results can be adopted for a cohort with higher baseline low‐density lipoprotein cholesterol values and with a higher‐intensity statin regimen. Finally, the direct impact of our results on clinical outcomes remains unknown. Larger studies with longer follow‐up are warranted.

Conclusions {#jah32692-sec-0031}
===========

CKD is identified as an independent predictor for lack of favorable vascular response to statin therapy, whereas ACS is identified as a predictor for favorable vascular response to statin therapy. These findings should be confirmed by large‐scale prospective studies.
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**Data S1.** Supplemental Methods.

**Table S1.** Unadjusted Effect Estimates on the Absolute Change of Thin‐Cap Area

**Table S2.** Unadjusted and Adjusted Effect Estimates on the Absolute Change of Thin‐Cap \<80 μm Area

**Table S3.** Unadjusted and Adjusted Effect Estimates on the Absolute Change of Fibrous Cap Thickness

**Table S4.** Baseline Plaque Morphology According to the Change of Thin‐Cap Area

**Figure S1.** Three‐dimensional thin‐cap area measurement. The fibrous cap was semi‐automatically segmented (green circle in left upper panel) by the validated computer algorithm in all frames along the entire plaque. With the fully segmented fibrous cap, the algorithm quantified the thickness at each point of its luminal boundary. The thin‐cap area was calculated as the product of the frame interval and the arc length of thin fibrous cap (\<200 μm) summed over involved frames. A representative three‐dimensional reconstructed image of thin‐cap area is shown (right panel).

**Figure S2.** Correlation between the change of thin‐cap area and changes of other parameters. Significant linear correlation was observed between the change of baseline hsCRP value and macrophage grade with the absolute change of thin‐cap area.

**Figure S3.** Correlation between the change of thin‐cap area and changes of other plaque morphologies. Significant correlation was not observed between the absolute changes of thin‐cap area and changes of other plaque morphologies including lipid volume index and %area stenosis.

**Figure S4.** Change of inflammation status according to baseline clinical presentation. CKD patients failed to show significant reduction in hsCRP and macrophage grade at follow‐up (A and B). Significant reduction of hsCRP values and macrophage grade at follow‐up was observed only in ACS cases (C and D).
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